Background: Hand hygiene is one of the essential means to prevent the spread of infections. The aim of this study was to assess the knowledge, attitudes, and practice (KAP) of hand hygiene in primary care settings. Methods: A cross-sectional study using a self-reported questionnaire was conducted in primary care settings located in Riyadh, Kingdom of Saudi Arabia, under the service of King Abdulaziz Medical City (KAMC). The Institutional Review Board of KAMC Research Centre approved the study. Data were analyzed using IBM SPSS software. Results: A total of 237 participants were included in the analysis. Participants who received hand hygiene training within the last 3 years (2012Á2014) scored higher on a knowledge scale. Generally, there was an overall positive attitude from participants toward hand hygiene practice. In total, 87.54% acknowledged that they routinely used alcohol-based hand rub, 87.4% had sufficiently decontaminated hands even under high work pressure, and 78.6% addressed that this practice was not affected by less compliant colleagues. Conclusion: Practicing hand hygiene was suggested to be influenced by variables related to the environmental context, social pressure, and individual attitudes toward hand hygiene. We believe that addressing beliefs, attitudes, capacity, and supportive infrastructures to sustain hand-hygiene routine behaviors are important components of an implementation strategy in enhancing health care workers' KAP of hand hygiene.
H ealth care-associated infections are one of the most important public health problems in many countries, resulting in an increase in the morbidity, mortality, and additional costs in health care settings (1Á3). Hand hygiene is one of the essential means to prevent the spread of such infections. In 1983, Semmelweis highlighted that cleansing contaminated hands with antiseptic products before and after contact with patients may reduce health care-associated infections (4) . Thereafter, CDC published the first formal guidelines on handwashing practices in hospitals (5), followed by guidelines from the Association for Professionals in Infection Control and Epidemiology (APIC) (6) .
Understanding the knowledge, attitudes, and practice (KAP) of handwashing among health care professionals is essential to bring forth a sustained change in behaviors of individuals and institutions and to improve such practices when designing interventions. Several factors are involved in hand hygiene behavior such as attitude, perceived social norm, perceived behavioral control, perceived risk for infection, hand hygiene practices, perceived role model, perceived knowledge, and motivation (7) . Despite the number of published studies on hand hygiene, many questions concerning attitudes and knowledge of health care workers (HCWs) remain unanswered. This is particularly true in primary care settings where the volume of patients and complexities of cultural, institutional, and health policy factors can influence the practice of handwashing. Various studies have confirmed an inverse relation between intensity of patient care and adherence to hand hygiene practice (8Á10). Additionally, the current burden of the spreading Middle East respiratory syndrome coronavirus (MERS-CoV) implied an action to review our basic strategies in hand hygiene practice. In a descriptive study (47 cases), MERS-CoV was found to be associated with substantial mortality in admitted patients who have medical comorbidities (11) . This calls for effective infection control measures in health care settings, in particular hand hygiene. Hence, KAP of hand hygiene will continue to be a concern and are essential to explore to bridge the theoryÁpractice gap. Thus, the aim of this study was to assess the KAP of hand hygiene among primary care health workers.
Methods
This was a cross-sectional study using a self-reported questionnaire conducted between February and June 2014. The questionnaire was composed of two instruments that were adapted to be consistent with the context of primary care settings. This was done because all the instruments in the literature were designed and worded according to a hospital setting. The first instrument was developed by expert groups from the World Health Organization as a knowledge and perception questionnaire (12) . The second one was adapted because of its wider contextual factors compared with the WHO instrument, such as the social support and norms that could influence the attitudes of HCWs toward hand hygiene practice (13) . Questions related to hospital settings, such as questions about hospital bed contact and peripheral catheter insertion, were excluded. Additional questions were included to gather participants characteristics ( Table 1) .
The questionnaire was accompanied by an information sheet explaining the objectives of the study. It was administered in English, without any translation. Two experts in the field of infection control assessed content and face validity of the modified questionnaire. The tool was pilot tested through 30 interviews (not including the sample) to ensure clarity of questions and to eliminate ambiguity.
In the knowledge section, the total score was calculated by adding up 28 questions assessing the participant's knowledge, and each correct answer was awarded with 1 point and unanswered questions and wrong answers were awarded 0 points. The maximum achievable score was 28. In the attitude section, all items (nine questions) were scored on a 5-point scale: 1 (fully agree) to 5 (fully disagree), with a maximum score of 45. In the practice section, answers were reported on either ''Yes'' or ''No'' options (two questions) or a 5-point numeric scale (four questions), ranging from 0 to 100%.
The study was conducted in primary care settings located in the central region of Riyadh, Kingdom of Saudi Arabia, under the service of King Abdulaziz Medical City (KAMC). Participants were included if they were physicians or nurses working in the targeted primary care centers.
Based on the published literature we used a precision estimate of 10% and anticipated hand hygiene knowledge of 50% (the most conservative value). Using a 95% confidence interval, 277 completed survey forms would be sufficient to accurately assess knowledge, attitude and practice about hand hygiene. Assuming a response rate of 70% and a completion rate of 80%, 400 questionnaires were distributed. 100 participants from each of the four primary care centers were randomly selected using electronic random number generator. The questionnaires were sent in sealed envelopes and placed in pigeonholes of the randomly selected participants in each practice.
Data were entered into SPSS v.20 by a professional data entry clerk and revised and cleaned by another clerk. The data were then analyzed using IBM SPSS software (v.20). Categorical variables were described using frequency and percentages. Continuous variables were summarized using mean9standard deviation. Chi-square test was used for comparing proportions. Student t-test/ANOVA was used for comparing means. Statistical significance was set to 0.05 or less and a confidence interval of 95%.
Ethical considerations
Verbal consent was obtained from all subjects before they participated in the study. To keep their confidentiality, the returned questionnaires were kept anonymous and an identification code was assigned to each questionnaire in order to send a reminder to those who did not return the questionnaire. Participant details were kept in a passwordprotected computer that was accessible only to the researchers. Additionally, Institutional Review Board of King Abdullah International Medical Research Centre 
Participants' knowledge
In the knowledge section of the questionnaire, the minimum knowledge score achieved was 5 and the maximum was 21 ( Fig. 1) , with a mean of 14 (SD92.85). Nurses scored higher (14.1) than physicians (13.8) on knowledge scale; however, this was not statistically significant (p 0 0.58). Moreover, the participants who received hand hygiene training within the last 3 years generally scored higher on knowledge scale (14.2) than those who did not have such a training (13.5); nevertheless, the difference was not statistically significant (p 0 0.09). Knowledge score was not affected by the years of the participants' work experience (p 0 0.4). Those who reported using the alcohol-based hand rub routinely had significantly higher knowledge score (14.3) than those who did not use the hand rub routinely (12.5) (p00.01)
Participants' attitude
In the attitude section of the questionnaire, only 218 (92%) participants completed the questions. Generally, there was an overall positive attitude from participants toward hand hygiene practice (Fig. 2) . Participants agreed fully that hand hygiene is important, possible, and not time consuming; believed it saves lives; and would feel bad if they were not able to wash their hands. However, half the participants believed that their attention to proper hand hygiene practices is negatively affected by their workload. Attitude toward hand hygiene was not correlated with the participants' gender, years of experience, or training. However, nurses were found to exhibit a better attitude toward hand hygiene than physicians (p 00.02). Also, age was positively correlated with a positive attitude toward hand hygiene (Spearman's rho 0 0.14, p 00.04)
Participants' practice of hand hygiene In the practice section of the questionnaire, 81.9% (194) acknowledged that they routinely make use of alcoholbased hand rub, 86.5% (205) had sufficiently decontaminated hands even under high work pressure, and 77.6% (184) addressed that their hand hygiene practice was not affected by less compliant colleagues. Also, 55.3% (131) confirmed that their hand hygiene practice would improve if skin moisturizers were made available to them. There was no correlation between the frequency of practicing hand hygiene and the participants' gender, age, and years of experience. However, there was a significant correlation between such practices and participants' training in hand hygiene in the last 3 years (p00.02). Also, nurses were found to be more compliant with using alcohol-based hand rub than physicians (p00.03).
There was a significant correlation between the level of practicing hand rubbing with alcohol and higher score of knowledge (p50.01). Also those who stated that their practice was not affected by workload were found to have a significantly higher knowledge score (p50.01). Participants who stated they were able to resist peer pressure had slightly higher mean knowledge score, but the difference was not statistically significant (p00.7). Moreover, those whose practice was affected by the availability of skin moisturizers scored significantly lower on attitude score (p50.01).
Discussion
This study highlighted very important aspects of KAP of hand hygiene among various health workers in primary care settings. Most of the studies of hand hygiene have measured knowledge (cognitive domain) and general practices (behavioral domain) rather than affective factors (values, beliefs, perceptions, motivation). Our study measured all of these domains. This is essential, in particular, with the current epidemics of MERS in the Arab countries, when all HCWs need to be vigilant to prevent and control such infections in the community. In addition to the fact that hand hygiene has been considered the leading measure to prevent health careassociated infections (14), we found a statistically significant correlation between participants' practice of hand hygiene and their previous training and their profession, in particular being a nurse. This finding is in line with other studies, which showed that training and campaign exposure increased the likelihood of a positive attitude and increased compliance with hand hygiene (15) .
In our survey, those whose practice was affected by the availability of skin moisturizers scored significantly lower on attitude score (p50.01). The implemented method of hand hygiene also influences practice, and the use of an alcohol-based hand rub preparation for hand hygiene, recently defined as the standard of care, has been associated with striking enhancement of compliance (16) . Studies have shown that adherence to hand hygiene recommendations is influenced by knowledge; awareness of personal and group performance; workload; and type, tolerance, and accessibility of hand hygiene products (16, 17) .
Practicing hand hygiene among HCWs was suggested to be influenced by variables related to the environmental context, social pressure, and the actual and perceived risk 
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for cross-transmission and to a positive individual attitude toward hand hygiene (8) . This is particularly true in the current surge of MERS-CoV in Saudi Arabia at the national level and Middle East at large, where HCWs have to be vigilant to strict infection control procedures such as hand hygiene practice. In Saudi Arabia, it has been found that some of the nurses did not follow infection control procedures fully and therefore had maximal exposure to MERS-CoV (18) . Social cognitive and psychological determinants (i.e., knowledge, intention, beliefs and perceptions) might provide some insight into hand hygiene behavior. This has been explained by the social cognitive theory, which is widely used to explain behaviors and behavioral intentions in different social situations. Social Cognitive theory has also been used to explain adherence to hand hygiene practice among nurses (19Á21). This theory postulated that behavior (practice) could be anticipated from intention, which, in turn, is molded by personal attitudes, perceived behavioral control, and subjective norms (22) . Hence, intention is assumed to be the most instant factor to determine behavior.
Our participants' intentions were positive in terms of willingness, perceived importance, realistic insight, and belief that hand hygiene will save lives.
This intention might explain the participants' high level performance of hand hygiene practice. They acknowledged that they routinely make use of alcohol-based hand rub (87.54%), had sufficiently decontaminate hands even under high work pressure (87.4%), and addressed that their hand hygiene practice was not affected by less compliant colleagues (78.6%). Ajzen proposed that past experiences shape social cognitive factors, which, in turn, determine behavior (23) . Therefore, it can be assumed that once good working conditions are guaranteed, the real and perceived individual control over hand hygiene might improve, with a positive succeeding effect on hand hygiene behavior.
Barriers to appropriate hand hygiene practice have been studied and reported extensively, but even in settings with optimal environmental conditions, compliance appears to range from 50 to 60% at most (24) . However, our participants showed a higher level of hand hygiene practice ( !78%). This could be explained by the high level of awareness program, policy, and procedures that are in place in our institution (KAMC). The Kingdom of Saudi Arabia is one of the 42 countries actively participating in a WHO-sponsored hygiene promotion campaign targeting HCWs (16) . Following the ministerial pledge to the First Global Patient Safety Challenge and the launch of a national campaign, a hand hygiene campaign was undertaken in 2005.
Our findings highlighted an alarming challenge in identifying unique opportunities for targeted quality improvement programs on hand hygiene at the primary care settings, where an excess of patients has been a particular characteristic compared to hospital settings. Hence, use of theory and evidence from implementation science can assist evidence-based implementation. Furthermore, adoption of previously tested models could be suggested, such as the stepwise approach model for effective implementation that takes the user through a series of rational and deliberate steps to accomplish practice improvement (25) .
Implementation project leaders tend to prefer voluntary, intrinsic motivation-focused strategies (26) . For example, supportive strategies such as reminders, decision support, and rewards were mostly effective. Moreover, combined strategies were recognized as more effective than were single strategies (27) .
Study limitations
Although the English language is the official language of communication in the work environment in KAMC, English is a second language to most HCWs, and this might affect how participants responded to the survey tool. We did not identify any language barriers during the pilot testing of the data collection tool.
Conclusion
We conclude with a suggestion for innovation by instructing patients to remind HCWs to perform hand hygiene, which proved to have a positive effect on HCWs' compliance with hand hygiene practice (28) . However, a disadvantage of this strategy was that a substantial number of patients reported reluctance or uneasiness in reminding health care professionals. Such approaches should be tested and evidence of their effectiveness in various health care settings must be also explored in further research in order to be implemented to enhance the KAP of hand hygiene among HCWs.
